The purpose of the present study was to validate the quantitative culture and cellularity of bronchoalveolar lavage (BAL) for the diagnosis of ventilator-associated pneumonia (VAP). A prospective validation test trial was carried out between 1992 and 1997 in a general adult intensive care unit of a teaching hospital. Thirty-seven patients on mechanical ventilation with suspected VAP who died at most three days after a BAL diagnostic procedure were submitted to a postmortem lung biopsy. BAL effluent was submitted to Gram staining, quantitative culture and cellularity count. Postmortem lung tissue quantitative culture and histopathological findings were considered to be the gold standard exams for VAP diagnosis. According to these criteria, 20 patients (54%) were diagnosed as having VAP and 17 (46%) as not having the condition. Quantitative culture of BAL effluent showed 90% sensitivity (18/20), 94.1% specificity (16/17), 94.7% positive predictive value and 88.8% negative predictive value. Fever and leukocytosis were useless for VAP diagnosis. Gram staining of BAL effluent was negative in 94.1% of the patients without VAP (16/17). Regarding the total cellularity of BAL, a cut-off point of 400,000 cells/ml showed a specificity of 94.1% (16/17), and a cut-off point of 50% of BAL neutrophils showed a sensitivity of 90% (19/20).
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In conclusion, BAL quantitative culture, Gram staining and cellularity might be useful in the diagnostic investigation of VAP.
Introduction
Nosocomial pneumonia is defined as the development of pneumonia at least 48 h after hospitalization and not incubating at the time of admission. Nowadays, it is the most common nosocomial infection, and the first one in morbidity and mortality (1) (2) (3) . Although patients submitted to mechanical ventilation (MV) do not represent the majority of patients with nosocomial pneumonia, they are those at higher risk of acquiring it (3). Ventilator-associated pneumonia (VAP) is defined as pneumonia occurring in a patient on MV at least for 48 h (4, 5) . The mortality rate associated with VAP can vary from 33 to 71%, depending on the virulence of the microorganisms and the severity of the clinical condition (5) . However, it is hard to know which is the contribution of VAP to global mortality of infected patients since they already suffer from threatening diseases (1, 6, 7) . VAP is often caused by Gram-negative bacilli, resulting from the aspiration of oropharyngeal cavity-contaminated secretions (8) . Colonization of the oropharynx by Gram-negative bacilli is usually associated with chronic diseases, recent use of antibiotics and endotracheal intubation (8, 9) . The relationship between continuous aspiration of colonized material around the endotracheal cuff and the development of pneumonia has been well established (2, 8) . At some hospitals, Staphylococcus aureus is the most frequently isolated microorganism, especially the methicillin-resistant strain (10) .
The correct diagnosis of VAP remains a challenge due to the low accuracy of current clinical criteria, such as the presence of fever, leukocytosis, purulent tracheal secretions or pulmonary radiographic opacities (1, 11) . Many patients on MV have severe background diseases, increased oropharyngeal colonization, and several reasons to present fever and leukocytosis (1, 9, 12) . Purulent sputum might follow endotracheal intubation and leakage of secretions around the endotracheal tube. Radiographic pulmonary opacities can be secondary to pulmonary edema, pulmonary thromboembolism, atelectasis and acute respiratory distress syndrome (ARDS), among others. Thus, a high rate of uncertainty turns the current clinical criteria inadequate for the correct diagnosis of VAP (13) . Therefore, the main objective of the present study was to validate the quantitative culture and cellularity of bronchoalveolar lavage (BAL) in the diagnosis of VAP by comparing them to the gold standard exam, i.e., quantitative culture of a postmortem lung tissue biopsy plus histopathological findings compatible with pneumonia.
Patients and Methods

Patient selection
The present study was carried out between 1992 and 1997 at the General Adult Intensive Care Unit of the University Hospital, Campinas State University, Campinas, SP, Brazil. During this period, 123 patients with suspected VAP were submitted to diagnostic BAL as a routine procedure. Among them, 37 patients were selected following a pre-established inclusion criterion, i.e., patients on MV for more than three days presenting thoracic radiographic shadows suggestive of pneumonia associated with purulent tracheal secretion. All selected patients were submitted to fiberoptic bronchoscopy and BAL. Patients included in the study had died at least three days after bronchoscopy, when a piece of lung tissue was removed for histopathological and microbiological examination. Although initially selected, we further excluded from the study all patients whose antibiotic regimens had been changed between the BAL procedure and the time of death, patients with acquired immunodeficiency syndrome, and patients with isolated germs different from bacteria. None of the included patients were under routine prophylactic therapy for gastrointestinal or res-piratory tract decontamination.
The main reason for MV, use of antibiotics at the time of the BAL procedure and at the time of death, blood leukocyte counts, presence of fever and type of thoracic radiographic findings were analyzed as predictor variables. Histopathological findings compatible with pneumonia and positive lung tissue microbiological culture coincident with BAL culture were considered as the outcome variables.
The study protocol was approved by the local Ethics Committee and informed consent for a postmortem lung biopsy was obtained from the patients relatives or guardians.
Methods
Bronchoalveolar lavage. BAL was performed by fiberoptic bronchoscopy after sedation with midazolam plus fentanyl or sodium thiopental. In some cases, a short action neuromuscular blocking agent was also used. No local anesthetics were routinely used. During the procedure, ventilatory parameters were adjusted to FiO 2 = 1.0, inspiratory peak flow of 60 l/min or less, and peak pressure alarm at a level that allowed adequate ventilation, i.e., tidal volume as close as possible to that prior to the procedure, and all patients were kept under rigorous cardiopulmonary monitoring (systemic arterial pressure, heart rate and rhythm, and pulse oximetry). Fiberoptic bronchoscopy and BAL technique were performed as recommended by Meduri and Chastre (14) . Twenty-milliliter saline aliquots were injected each time, for a total of 200 ml (10 aliquots). The lung segment was chosen based on simple chest radiographic images, thoracic computed tomography scan when available, and by visualization of purulent secretion from a specific segmental bronchus during bronchoscopy. The first 40 ml of fluid obtained during the procedure was named bronchial aliquot, and the last 160 ml was named alveolar aliquot. An Olympus BF type 20D apparatus was used. Cleaning and disinfecting were done using mechanical methods, initially brushing the internal and external parts of the equipment and washing it with saline. The equipment was then immersed in a soap solution (Endozime AW plus ® ), rinsed with clean water, immersed again in a 2% glutaraldehyde solution (Glutaron ® ) for 30 min, and finally rinsed with sterile water.
BAL processing. The bronchial aliquot was processed for a direct search of fungi (Grocott staining) and mycobacteria (ZiehlNeelsen staining). Five milliliters of the 40-ml alveolar aliquot was selected for microbiological examination, including quantitative culture, Gram staining, and culture for mycobacteria and fungi. Gram and acid-fast staining, as well as a direct search for fungi, were performed after cytocentrifugation. Quantitative culture was performed as recommended by Baselski et al. (4) and was considered positive when bacterial growth was 10 4 colony-forming units per ml (10 4 cfu/ml) or more. The remaining part of the alveolar aliquot was homogenized and vortexed for 30 to 60 s and submitted to specific cell counting using a Neubauer chamber, and the results were expressed as number of cells per ml (4) . Differential counts were made after cytocentrifugation (10 min at 800 rpm), and staining by basic blue of MayGrünwald following room temperature drying, using a sample of 50 to 500 µl inversely proportional to the number of cells present in the sample. For differential counts, 300 to 500 cells were counted under a simple light microscope at 100 times magnification, and the results were expressed as percentages of lymphocytes, monocytes, neutrophils, macrophages, epithelial cells, etc. Epithelial cells were used as markers of contamination, and when they were present at rates of 2% or more, the BAL sample was excluded from the study.
Postmortem lung biopsy. Lung tissue fragments were obtained at least one hour after death through an intercostal incision extend- ing from the median clavicular line to the median axillary line. The segments chosen for biopsy were from regions where BAL was performed. Two fragments were taken, one measuring approximately 1 x 1 x 1 cm and the other 7 x 4 x 4 cm. The smaller fragment was placed in 0.9% saline and sent to the microbiology laboratory for quantitative culture and the larger one was placed in 10% formalin and sent to the anatomic pathology laboratory.
Lung biopsy fragment processing. The dilution technique was used for lung tissue culture and results exceeding 10 4 cfu/ml were considered positive. The interpretation of the histopathological results was based on the criteria described by Katzenstein and Askin (15) . Definite diagnosis of pneumonia was established only when histopathological findings were in accordance with the quantitative culture results. Otherwise, the case was excluded from analysis.
Data analysis
To validate the diagnostic tests, we used as gold standard for a definite diagnosis of pneumonia a compatible pattern obtained by histological examination plus a positive quantitative culture of lung tissue as described above. Sensitivity, specificity, positive and negative predictive values, prevalence of pneumonia in the sample and accuracy of the test were calculated by the method of Sackett et al. (16) , using a cut-off value that maximized the true-positive rate, in the case of continuous variables. Cell counts are presented as a box plot graph using Minitab 10.1 software.
Results
We studied 37 patients, 26 males (70.3%) and 11 females (29.7%) aged on average 37.5 years. Acute respiratory failure was due to clinical causes in 17 patients and to surgical pathologies in 11 and was secondary to trauma in 9. The radiographic thoracic findings showed localized heterogeneous opacities in 6 patients, localized homogenous opacities in 10 and diffuse heterogeneous opacities in 21. All patients were taking antibiotics at the time of BAL.
A definite diagnosis of pneumonia was made in 20 patients (54%). Patients without a histopathological diagnosis of pneumonia (17/37, 45.9%) presented the following isolated or associated pathological findings: ARDS (nine cases), interstitial fibrosis (three cases), diffuse alveolar damage (three cases), diffuse alveolar edema (two cases), pulmonary embolism (three cases), and pulmonary embolism of neoplastic origin (one case).
Considering quantitative culture of lung tissue biopsy and histopathological diagnosis of pneumonia as the diagnostic gold standard, we found that quantitative culture of BAL showed 90% sensitivity (18/20) and 94.1% specificity (16/17), with 94.7% positive predictive value, and 88.8% negative BAL predictive value, with pneumonia prevalence expected to be 54% (Figure 1 ). Table 1 shows the types of bacteria isolated from BAL and from the lung biopsy. Table 2 shows the index of agreement between Gram stain and the results of BAL quantitative culture, mean cell counts in BAL (total cells, alveolar macrophages and neutrophils), and sensitivity and specificity of these findings according to pre-established cut-off values. Figure 2 shows the distribution of BAL cellularity in a box plot graph and the parameters for test validity analysis using a cut-off value of 400,000 cells/ml.
Sensitivity and specificity were 50 and 76.4% for fever (>38 o C) and 60 and 76.4% for leukocytosis (>10,000 total leukocytes), respectively. The complementary association of these two parameters was not additive. The results obtained for Gram staining, total cellularity, macrophages and neutrophil differentiation counts in BAL for the analysis of test validity are presented in Table 2 .
BAL procedure complications were observed in seven cases (18.8%): hemorrhage in four, hypoxemia in two and association of hemorrhage and hypoxemia in one case. All complications were of mild intensity, none of them resulting in the interruption of the procedure.
Discussion
VAP continues to be a diagnostic challenge. Only a few studies on humans using postmortem lung biopsy to assess the frequency of VAP have been published (17) (18) (19) (20) (21) (22) (23) (24) (25) .
The wide variation in VAP prevalence in these different studies is due to the size of the specimens examined, the use or not of antibiotics prior to lung biopsy, as well as to the type of antimicrobial regimen used. In any case, the gold standard for VAP diagnosis is still a matter of debate in the specialized literature. Rouby et al. (18) have considered that histological examination of every pulmonary segment could give a most realistic view of the prevalence of VAP. In their study, they performed unilateral pneumonectomy for histological assessment. Marquette et al. (20) found a 67% frequency of VAP when performing bilateral pneumonectomy for histological examination, which must explain their high prevalence index. Using small lung fragments of 1 x 1 x 1 cm, Chastre et al. (17) found only a 23% rate of histologically defined VAP, probably due to the tiny specimen examined. However, other studies also using tiny lung fragments found higher frequencies of VAP, such as 55% (21), 60% (19) , and 54% (present study). Whether our own prevalence was underestimated due to the size of the fragment examined is a matter of speculation, considering the 67% index found by Marquette et al. (20) using bilateral pneumonectomy. In this respect, further studies are needed to provide new information later on.
Regarding a diagnosis of a disease other opsy procedure is probably one of the most important reasons for this variation. In our study, BAL permitted the isolation of 25 of 27 bacterial species found in the culture of the lung fragment in patients with VAP, accounting for 92.5% of them. Five of 20 VAP patients (25%) had polymicrobial pneumonia. Association of germs in lung biopsy culture occurred only in four patients (see Table 1 ). Most published studies have pointed out the polymicrobial status of nosocomial pneumonia (26, 27) . Bartlett et al. (26) found polymicrobial pneumonia in 54% of 159 cases. Similarly, Fagon et al. (1) found a 40% rate in 52 cases, and Torres et al. (27) found a 13% rate in 78 cases.
The germ most frequently isolated from our VAP patients was Staphylococcus aureus (from lung fragments in eight cases and from BAL in eight cases), followed by Acinetobacter baumanii (five in biopsy examination than VAP, the most common respiratory histopathological finding in our patients was ARDS, followed by diffuse alveolar damage and pulmonary fibrosis. Torres et al. (19) found a 43% rate of alveolar hemorrhage and a 29% rate of diffuse alveolar damage in their patients. Marquette et al. (20) found that the most common diagnosis was diffuse alveolar damage, followed by pulmonary fibrosis. In a study on 83 patients, Rouby et al. (18) detected 28 with diffuse alveolar damage and 13 with pulmonary fibrosis.
Only a few studies have assessed the sensitivity and specificity of BAL examination using a postmortem lung biopsy as the gold standard for the diagnosis of VAP.
A possible reason for the high discrepancy in the reported frequency of VAP could be the wide variation in test validation for the use of BAL in its diagnosis. The use of broad spectrum antibiotics prior to the bi- Table 1 reveal that patients without VAP showed a good correlation between culture results and negative direct Gram staining examination (16/17 patients = 94.1%). This is a very high specificity index, excluding in daily clinical practice a diagnosis of pneumonia in most of the suspected cases when Gram staining is negative. Marquette et al. (20) found a specificity of 87.5% (negative Gram staining in seven of eight cases with negative tissue cultures), and Papazian et al. (22) found 100% specificity in their study. However, the sensitivity of Gram staining in our study was only 85% (17/20) . When considering the microorganism species, when each Gram stain is matched to each tissue culture result, coincidence occurs in only 55% (11/20) . Low levels of sensitivity were also reported in the studies of In our study, despite the wide variation in total BAL cellularity (a mean of 804,975 cells/ml, ranging from 140,000 to 1,745,000 in VAP patients; a mean of 232,352 cells/ml, ranging from 52,500 to 1,050,000 in patients without VAP) (Figure 2 ), using a cut-off point of 400,000 cells/ml we can define a sensitivity of 90% (18/20) and a specificity of 94.1% (16/17) . In the study of Marquette et al. (20) , despite the fact that the average number of BAL cells was higher in patients with pneumonia, there was no significant difference between groups. Papazian et al. (25) obtained the same results, showing that this parameter must be interpreted with caution in clinical practice.
Relative neutrophil number in BAL was also higher in patients with pneumonia (95% of the cases had 50% or more neutrophils). The same results were obtained by Marquette et al. (20) . Despite significant differences between groups in their study, they concluded that this parameter has a poor predictive value when the variation and range of values are too wide. Papazian et al. (25) found no differences in neutrophil numbers between groups. However, Kirtland et al. (23) found that 50% of neutrophils in BAL is a good cut-off value to exclude pneumonia (100% specificity). Their patients with pneumonia showed a mean percentage of BAL neutrophils of 75% (50-96%) versus 46% (1-96%) in the group without pneumonia (23) . In this respect, our results, associated with those of Kirtland et al. (23) , should stimulate further studies on the role of BAL neutrophils in the diagnosis of VAP.
Since a large number of critically ill patients cannot wait for the result of culture to initiate antibiotic therapy, the clinical and radiographic suspicion of VAP allied to BAL findings, such as total cellularity and percentage of neutrophils, should contribute to the diagnosis and institution of early therapy. It seems reasonable that additional studies should be carried out on the cellularity of BAL, since the early use of antibiotics in this kind of patients will inevitably compromise the results of BAL or lung tissue culture.
The number of BAL procedure complications observed in our study was rather high (18.9%), but all of them were selflimited, not interfering with the continuity of the procedure in any case.
In conclusion, our data indicate that BAL quantitative culture, Gram staining and cellularity might be useful tools in the diagnostic investigation of VAP. It is evident that further studies are needed to assess the role of better diagnostic procedures (invasive or not) in VAP, regarding endpoints such as related morbidity, overall mortality, and health care costs.
